Inflammation and pain are ubiquitous signs and symptoms of a large number of ailments affecting humanity. There are equally as many methods and substances that are used as remedies for the conditions. Examples of remedies used include herbal extracts such those of genus Craterostigma among others. In Kenya, some plants from this genus are used as folklore remedy for toothache, joint and muscle pains. Interestingly, in spite of their use, there is no scientific study that has been instituted to evaluate their efficacy. The current study evaluated the anti-inflammatory and antinociceptive effect of both dichloromethane (DCM) and aqueous extract of Craterostigma pumilum using animal models. The anti-inflammatory and antinociceptive effect assays were carried out using formalin induced pedal edema and pain test respectively in white Wister rats. The phytochemical profile of the plant extract was carried out using standard procedures. Both DCM and aqueous extracts exhibited highly significant anti-inflammatory (p < 0.001) effects but no antinociceptive effects. However, the DCM extract showed a very significant (p < 0.001) hyperalgesia. The study renders support to folklore use of the plant for inflammation however it recommends incorporation of an analgesic remedy in the process.
Introduction
Pain and inflammation are hallmark of disease, it is for this reason that many attempts have been made throughout the centuries to find appropriate remedies for these conditions. Besides the common analgesic and anti-inflammatory drugs used in management of these conditions, several other methods are used for the same purpose which include use of extracts of plant parts. Examples of herbs used include Craterostigma pumilum (Hochst) or Nairobi violet, a small perennial herb that belongs to figwort family Scrophulariaceae (Hepper, 1990 ). The herb is a member of a group referred to as resurrection plants that can tolerate loss of water up to 98% of its content and yet return to active metabolism and growth within hours after rehydration. It is found in seasonally water filled rock pools, inselbergs, and heavy metal containing soils (Bartels, 2001 ). The roots are chewed by humans and tastes like a sweet carrot (Bussmann et al., 2011) . It is used in treatment of tooth ache where it is chewed and retained in the mouth for some time (Kokwaro, 1993) , a related plant Craterostigma plantagenium is used in management of joint and muscle pains (Bussman et al., 2006) . Craterostigma spp. contains raffinose series oligosaccharides, 2-octulose, sucrose etc (Norwood et al., 2000) . There are little or no scientific reports on effects of this plant on pain and inflammation and its phytochemical composition. The aim of this study was to evaluate the effects of this plant extracts on pain and inflammation and to determine the types of phytochemical present.
Materials and methods

Plants materials
Collection and pre-treatment of plant materials
Fresh Craterostigma pumilum whole plants were collected in 2013 from Sengera region of Laikipia County during the day. They were identified and specimens deposited in the University of Nairobi herbarium, 2013 / JM03. They were air dried in a room away from direct sunlight for one and half months then ground into a fine powder using a gliding mill.
Extraction with dichloromethane
About 100 grams of the powder was weighed and was extracted with dichloromethane (DCM) for 72 hours. First it was soaked in DCM, stirred and allowed to stand for two hours. It was decanted and the powder soaked again in DCM and allowed to stand for 24 hours at room temperature before decanting. The procedure was repeated twice in the next 48 hours. The supernatant obtained was filtered using Whatman No.1 filter paper. The extracts were then dried using a rotary evaporator and placed in specimen bottles with seal. The extract which weighed 1.63 g was placed in universal bottles and stored in a cool dry place in the laboratory.
Extraction with water
About 200 grams of the powder was soaked in distilled water in a conical flask stirred and placed in a water bath at 60 o C for 4 hours. It was the removed filtered using Whatman No. 1 filter paper. The filtrate was then freeze dried to obtain a powder which weighed about 21.26 g. The extracts were put in air tight containers and stored in the refrigerator at 4 o C until further use.
Experimental animals
White Wister rats 150 to 200 grams and in groups (n = 5) were used for both antinociceptive and anti-inflammatory assay. All the animals were placed in cages in rooms maintained at between 20 to 25 degrees centigrade and allowed to acclimatize for seven days before the start of the experiments. Standard commercial diet and water was provided ad libitum. A 12 hour day light/dark cycle was maintained throughout the period. All the in vivo experiments were carried out as per the guidelines for care and use of laboratory animals (Wolfensohn & Lloyd, 1998 ).
Drugs and chemicals
The following drugs and chemicals were used in the study; diclofenac sodium, formalin, morphine, dimethyl sulfoxide (DMSO).
Anti-inflammatory activity assay
Formalin induced paw edema with some modification was used as a model for acute inflammation (Hunskaar& Hole, 1985; Rosland et al., 1990). It was used to assess the anti-inflammatory affects of C. pumilum. One set (n = 5) of white Wister rats (150-200 grams) received intraperitonial injection of 25, 50 and 100 mg/kg doses of DCM extract, 15 mg diclofenac sodium and the vehicle (30% DMSO in normal saline), while another received 25, 50 and 100 mg doses of aqueous extract of the herb and 15 mg diclofenac sodium and the vehicle (normal saline), orally. They were then allowed to rest for 30 minutes to allow for drug distribution. After 30 minutes, inflammation was induced in the rats by injecting 50 µg of 5% formalin in the sub-plantar region of the left hind paw. The diameter of the paw was measured using digital calipers. The initial paw diameter was taken before formalin injection and the rest every 30 minutes for four hours. The difference between these initial values and the readings at subsequent times was quantified as the hind paw edema in rats and they were compared with the vehicle treated groups.
Antinociceptive activity assay 2.5.1. Sensory motor test
Evaluation of analgesic or antinociceptive effect of the herbs extract was carried out using formalin test. The pull test (a sensory motor test) was used to evaluate the muscle relaxing effect of the herb extracts. It separates muscle relaxation from sedation, catalepsy and catatonia (sensory motor impairment) (Deacon & Gardner, 1984) . Only the animals that showed no sensory motor impairment were used for subsequent experiments.
Formalin test
The antinociceptive effects of the extracts were evaluated using the formalin test as described in (Hunskaar& Hole, 1985; Rosland et al., 1990; Tjølsen et al., 1992) . The left hind paw that was to be injected with formalin was marked with permanent marker pen. Pain was induced by administration of 50µl of 5% formalin in sub-plantar region of the paw using a 30 gauge needle (Rosland et al., 1990 
Data analysis
The data obtained for each set of experiment was pooled as a mean, standard deviation and standard errors of the mean. One way Anova and Scheffé post hoc test was used to compare the test and control group values. A value of p < 0.05 was considered to be the limit of significance. Effect of DCM extract of C. pumilum on formalin induced change in paw diameter in rats as a function of time. The 25 mg showed significant (p < 0.05) effect at 180 minutes, while both the 50 and 100 mg doses more varied activity. ( a p < 0.001; b p < 0.05). Effect of DCM extract of C. pumilum on formalin induced nociception in rat's effect of 25, 50 & 100 mg are exaggerated. Effect of aqueous extract of C. pumilum on formalin induced nociception in rats. The various doses of the herbal extract had no significant inhibitory effect on nociceptive activity. 
Results
Discussion
Anti-inflammatory effects, The 25 mg dose of DCM extract of C. pumilum exhibited significant (p < 0.05) anti-edema effect at 180 minutes following formalin injection ( Fig.1; Table 1 ) with the other doses of the herb showing effect in subsequent times. However it, (25 mg) failed to show similar activity in the aqueous phase unlike the other doses ( Fig.2; Table 2 ). The phlogistic effect of formalin and carrageenan is a well-established fact. Injections of either of the two substances induce similar local inflammatory reactions, though formalin induces more persistent reaction (Goulart et al., 2005). Administration of low doses of formalin induces edema mainly due to neurogenic inflammation mediated by peptides especially substance P. Nevertheless, at higher doses, the edema effect is mainly due to release of substance P, serotonin, prostanoids and histamine. These substances increase capillary permeability resulting in exudation of fluid in the interstitial space thereby causing edema. Surprisingly, bradykinin plays an insignificant role in this process in spite of its supposedly stimulatory activity on the nociceptive afferent neurons. It is believed that this phenomenon arises from the variation in the stimulation threshold of the nociceptive neurons and endothelium or perhaps due to formation of kinins in proximity to the neurons (Damas&Liégois, 1999). There are several drugs used in alleviation of inflammatory conditions that include NSAIDS e.g. aspirin and diclofenac. They inhibit prostaglandin synthesis (Vane, 2000) and steroids that target migration and ultimately degranulation of leukocytes (Farsky et al., 1995) . In this study, the edema was obliterated by prior administration of 15 mg of diclofenac sodium 30 minutes prior to injection with formalin. In the subsequent experiments, various doses of both DCM and aqueous extract of C. pumilum were administered. The DCM extract represents the less polar fraction while the aqueous extract contains the most polar fraction. Hence it is probable that both the polar and non-polar portions of the herb extracts contained relatively active metabolites with anti-inflammatory effects. The activity of these metabolites was comparable to the effect of diclofenac (Fig 1 & 2) . The extract contained a large amount of flavonoids among other secondary metabolites ( Table  5) . The flavonoids were shown to exert anti-inflammatory effect that involved inhibition of arachidonic acid metabolism (Ferrandiz&Alcaraz, 1991). Therefore it is highly probable that the anti-inflammatory effects observed may be due to these phytochemicals individually or combined with others. C. pumilum showed elevate anti-inflammatory activity therefore it is likely to a good source of an anti-inflammatory remedy hence more investigation is needed to isolate elucidate and determine the activity as well as the toxicity of the metabolite(s) responsible for this activity. However its DCM extract highly elevated the agonizing or chronic phase of nociception ( Fig. 3; Table 3 ) but the aqueous fraction had no effect on nociception which may indicate that the crude DCM extract contained secondary metabolite(s) that may have been responsible for this effect. Therefore more studies require to be done targeting both the mechanism and toxicity and applicatability of these plant metabolites in research and perhaps use as a substitute for capsaicin as an agonist in vanelloid receptor studies and perhaps as a component of tear gas during riot control.
Conclusion
In this study, C. pumilum obliterated edema development but at the same time aggravated the nociceptive activity. Phytochemical analysis showed that plant extract contained several groups of metabolites with exception of alkaloids. Therefore one or several of these metabolites present may have been responsible for the hyperalgesic and anti-inflammatory effects seen in the study. Hence, though the plant extract displayed splendid antiinflammatory effect, it is of limited use in analgesia. Therefore, this study recommends that the folklore practitioners should take heed and include an analgesic when administering the herbal in management of inflammatory diseases.
